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ABSTRACT 
During this third inter im period oi thermionic -cathode evaluation, 
diodes using pore -dispenser cathodes have completed 2500 hours of life 
burning and are operating satisfa1torily at catsode temperatures of 95OOC 
to 1 100°C and at cathode cur ren ts  f rom 0 . 2  A/cm 2 2 to 1.6 A/cm . 
Eight diodes csing oxide-coated cathodes have cGmpleted 1240 hours 
of life burning and have shown a slump in emission of 5% to 25% at cathode 
temperaturps of 825OC and 85OOC and at cathcdp cur ren t  levels from 
0 . 2 2 5  A!cm 2 2 to 0 .60  A/cm . 
Eight diodes using oxide cathodes with anode-to-cathode spacing of 
0. 025 in. have been built, exhausted and pretested for life burning operation 
of the TI  and TZ life-test conditions of 0.075 A/cm 2 2 to 0. 300 A/cm . 
The coated-particle cathodes show the capability of being operated up - 
L to 0. 55 A/cm at 903OC. 
0. 55A/cm 
Further  tests with higher cur ren t  levels above 
L show unexpected iahibited emission. 
Further  study has shown the coated-particle cathcde capable of pulsed 
2 
operation up to 1. 5 A/cm peak cur ren t  with a 3% dLty cycle. 
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1. C INTRODUCTION 
The Material and Tethniques Group of Raytheon's Microwave and Power 
Tube Operation is pcrforming a study of the life capabilities of thTee 
differenL iy I,f;s oi thermionic emitterc for the Jet P ropu l s im Laboratory, 
California Institute of Technology. 
The life capabilities of the following electron-tube cathode types a r e  to 
be evalsated for a period of tu0 years  of Life testing. 
a. Pore-Dispenser Cathode 
b. C oated -Partic le Cathode 
C. Standard Oxide Cathode. 
The progress of work and liie burning resul ts  during the third interim 
period L J ~  this srurly are described in ~s report. 
Section 2. 9 describes the electrical  teshng and selection of diodes using 
coated-particle and oxide-coated cLthodes for  life burning. 
presented ? r ,  shcw the brrhvior of these twa cathodes under pulsed operation 
conditions. 
Data is alst, 
Section 3.0 of this report  describes further testinq of coated-particle 
cathodes, with changes in exhazst processing m d  cathode alloys. The 
purpose of t2::se tests is to improve the emission capabilities of coated- 
particlc cathodes. 
The construction, exahust processing, and electrical  selection of 
oxide-coated cathodes in diodes with 0.025 in. cathode-to-anode spacing 
is described. 
conditions. 
The diodes a r e  for use u ider  T1 and 'I'2 electrical  test  
- 1-1 - 
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Section 4.0  describes the life-test procedure and testing of diodes up 
to date. 
least  2500 hours of life burning with cathode temperatures ranging from 
2 
95OOC to \IOO°C with plate currents  ranging f rom 0. 2 to 1.6 A/cm . 
Sixteen diodes using pore-dispenser cathodes have completed at 
Eight diodes using oxide-coated cathodes have completed a t  least 
1242 hours of life burning at cathode temperatures of 825OC and 8. ' OC 
2 2 and with plate currents  ranging from 0. 225 A/cm to 0.60 A/cm - 
- 1 - 2  - 
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2.0  ELECTRICAL TESTING AND SELECTION OF TEST DIODES FOR LIFE 
BURNING 
In the third interim period of this study, the dicjdes constructed with 
oxide-coated and c-oated-particle cathodes were burned a t  85OOC cathode 
temperature and with 50 V dc applied tr the anody during the aging cycle to 
stabilize their thermionic -emission levels. 
After tile aging period, the cathodes were tested for compliance with 
the JPL specifications noted in Figure 1 and Table 1. 
tested for zero field-current, they were  tested for  dip temperature according 
to the schematic diagram shown in Figure 2. 
ALter the diodes w e r e  
In testing for  dip temperature, the diode is set into the electrical  
socket with the anode flap in an open position and cathode brightness 
temperature (OC) is read and set, using an optical pyrometer. 
infrared pyrometer is then focused on the cathDde swface  and is calibrated 
to  read the temperature of the cathode surface f rom the prescribed tempera- 
tu re  to room temperature, on the abscissa  of the X-Y Eouston recorder.  
Anode voltage on the diode is s e t  to read the anode cur ren t  on the ordinate 
of the recorder,  f rom the desired cur ren t  level in mili iamperes to zero  
current. 
The 
The heater voltage is then turned off to allow the change in emissior  
When the anode cur ren t  reaches 50% of i t s  characteristic tl: be recorded. 
initial level, the heater voltage is turned m again. 
by this method is used to determine dip temperature. 
limited portion of the curve is extrapolated back to the initial cur ren t  level 
on the Y-axis, where the point of intercept on the X-axis is taken a s  the dip 
temperature. 
The curve  that is obtained 
The temperature-  
- 2-1  - 
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2. 1 Coated-Particle Cathodes 
The four loads of diodes w i t s  coated-particle cathodes (Exhaust 
Nos. 5,6,7,8). whose construction and processing w e r e  described in the 
Second Interim Report w e r e  burned in accordance with the procedures 
described previously in this r e p o r t  
load 5-117 hours. load 6-190 hours, load 7-100 hours, load 8-143 hours. 
The burning times are as  follows: 
The diot?es, at the initial stages of burning, showed very low 
plate currents  (0-5 m.4) and gradually built up to the levels shown in 
Table 2 in the forementioned time periods. 
TABLE 2 
Coated Par t ic le  Cathodes 
Errission Measurements 
At 850OC Cathode Temperature  
Tube No. 
C L  
c 3  
c 4  
C 7  
C 8  
c 9  
c10 
C14 
c15 
C l 6  
25V 
25 
33 
29 
30 
17 
I 1  
24 
18 
1 2  
20 
5QV 
c7 
- 4  
39 
41 
57 
37 
27 
43 
39 
27 
41 
75v 
7 5  
40 
43 
68 
58 
42 
48 
54 
42 
89 
1 oov 
?O 
43 
43 
72 
6 3' 
53 
50 
58 
64 
gassing 
Note: Readings z r e  in milliamperes of aaode current. 
- 2-4 - 
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It was  observea, while testing the diodes, that voltages applied 
to the anode higher than 100 V dc wouid cause the diode to show runaway 
current  levels, 
When the diodes showed rapid increases  in cur ren t  levels, a 
At  t h i s  point of blueish ion glow w a s  observed at the cathode surface. 
testing, when the cathode voltage was dropped to lower levels, the cathode 
cur ren t  would be higher than shown in rable 2 .  
a t  lower voltage, the cur ren t  would decay to its original levels very gradually 
in a period of 10-30 minutes. 
Lf the cathode was Left 
For this reason, it was  impossible to obtain good zero  field-emission 
plots tor coated-particle cathude. Figure 3 shows the ze?o field-current 
ciensity plots €or diodes C4, C7, a t  cathode temperatures of approximately 85OOC 
and 8OOOC. The point to be noted is the small, --expected change in zero- 
field cur ren t  for a change of 5OoC in cathode temperature. The estimated 
zero fieid-currents at 805OC are ranging 2- 3 to 0.5 A/cm and at 85OoC 
from 0. 5 to 0 -  7 P-/cm in measurable diodes. 
2 
2 
The diodes with cnzted-particle cathodes were next tested for 
7 2 dip temperature under TI (0 .275 A/cm-) and T2 (0. 55 A/cm ) operating 
conditions zs specified in Table 1. 
The dip-test results for diode no, C-7 is shown in Figure 4. 
2 This shows a dip t e m p r a t u r e  cf 77OJC for a p la tecur ren t  level of 0,275 A/cm 
at 85C"C (Tl)  and of 8 7 7 X  for a plate cur ren t  le-.-el of 0. 55 A / c m  
90OOC (T2). 
2 at 
Further  measurements of other diodes showed the dip temFeratures 
2 to be between 770-830°C a t  0.275 A/cm 
0. 55 A/cm (T2). 
(Tl) and between 870-3G0°C a t  
2 
2 
a t  900°C did not show any space-charge region o r  measureable 
Dip-temperature measurement a t  current  leveh from 0.  55 A/cm 
2 
to 0.83 k /cm 
dip temper a tur e. 
- 2-5 - 
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Figure 4 Diode C-7 - Coated-Particle Cathode Dip Test 
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A peculiar change in dip-temperature measurements is noted 
in  Figure 5 .  Diode No. C - 4 w a s  orig*nally measured a t  85OOC cathode 
2 temperature for dip-temperature at 0. 275 A/cm and showed the dip- 
temperature to be 850OC. The cathode tenperzt;rre was then raised to 
9OOOC and thedip temperature was  :lctermiced to be 866OC {dip No. 1). 
Then the diode was rneaseireci at  0.83 A/c= and the dio-temperature mas 
a t  9OOOC.  and the d ip temrera tnrz  
was lawered to 766OC (Dip No. 2). 
showed a dip temperature rise to 844OC (Dip Vc. 3)- 
repeatable on the same diode and all other diodes at either 850OC ar 9OO0C 
2 at 0.275 A/cm . 
2 
2 The zest was repeated at  O . Z i 5  Ajcm 
The diode, on aging 10 zinxtes a t  22 mA, 
This condition is 
The reasoas fccr this change in dip temperatures is believed to 
be caused by temporary electroiytric activation of the cathode. 
An analysis of the presented data Show5 the coated-particle 
cathode, under the conditions Gf construction and test, to be capable of meetkg 
the T1 test conditions [O. 275 R/cm ) at 8f0°C znd the T2 test c~rl=dit;,orro, 
2 (0 .55  A/cm ) at 90OOC. Electrical testing at higher cur ren t  Zensities at 
9OOOC does not shown any appreciable measurement or' a dip-temperature. 
2 
2.2 9xide-Coated Cathode= 
The four loads of dicses with oxide cathode (Exhaust Nos. 9,10, 
11,12) - whose construction and processing were described in  the Second 
Interim Report - w e r e  burned in  the same manner as described for the coatcd- 
particle cathDdes (850OC cathode temperature - E The burning 
times were: load 9-105 hours, lcad 10-146 hours, lobd 11-84 hours, load 
12-98 hours. 
= 50 Vi. 
P 
The diodes started out a i  3 very low p la tecur ren t  ! Z W . C ~  (G-5  rnA) 
and grauua!ly built up to the levels shown for a representative sample of 
10 diodes in Table 3. 
- 2-a - 
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TABLE 3 
Tube No. 
0 1  
0 2  
0 4  
0 7  
0 8  
0 1 0  
01  1 
0 1 2  
0 1 3  
0 1 4  
Oxide -C oated Cathodes 
Emierion Mtaaurements  
At a50°G Cathode Temperature 
25V 
25 
it 
15 
25 
24 
12 
15 
22 
1 1  
10 
50V - 
32 
26 
36 
57 
55 
31 
35 
50 
25 
25 
75Y 
37 
26 
50 
98 
92 
45 
52 
61 
36 
37 
1 oov 
41 
26 
56 
150 
136 
60 
62 
77 
47 
50 
It was  a l so  observed that when testing diodes with Dxide cathodes 
at voltages higher than 100 V dc, the anode cur ren t  had a runaway tendence 
toward higher levels. 'When the diodes showed rapid increases  in cur ren t  
levels, a greenish ion glow w a s  observed at the cathode surface. 
voltage was  changed to lower levels, the cathode cur ren t  showed an increase 
and the9 a gradual decrease to the levels of Table 3. 
When the 
It w a s  also impossible tt obtain good zero Yield-emission plots 
for oxide cathodes. 
The estimated zero field-current under the test conditions is 
2 0. 5 A/crn2 to 0.7 A/cm at 850OC. 
Because ci the changes noted in dip-temperatures with high 
current  drain (Figure 5), the diodes with oxide-coated cathodes were only 
tested a t  the required operating pcints. 
- 2-10 - 
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Figure 6 shows the dip-temrerature for tour diodes selected 
2 fer operation at the T4 conditions of 3.3 i id 0.6 A/cm at 85OOC. 
Figure 7 shows the dip-temperatures for four diodes selected 
2 2 and 0.45 A/cm for operation a t  the T3 conditions of 0. 225 A,/cm a t  
825OC. 
It should be noted that the diodes do not show a very sharp 
break f rom the space-charge region to the temperature-limited region as 
one would like to see in a dip-temperature meGsarement. 
Difficulty was experienced in  selecting diodes for the Tl and T2 
conditions because of plate voltage req-airements under 25 volts dc. 
Pxaminatian cf Tzble 3 shows thatavoltage of less than 25V is required 
to draw 6 to 12 milliamperes 01 current  required for  the Ti and T2 conditions 
for oxide cathodes with a diode spacing of 0.015 inch. 
An 
New diodes were constructed using oxide cathodes with a 
0.025 in. spacing. The diodes are described in Section 3.0. 
2. 3 Pulse  Testing of Oxide acd Coated-Particle Cathodes 
Because of the difficuity experienced with coated-particle and 
2 
oxide cathodes in obtaining high current  densities (1. 0 A/cm 1, a s e r i e s  of 
t e s t s  were conducted to compare the dc and the pulsed-volb.ge behavior of 
the two cathodes under investigation. 
Figure 8 shows the comparison of two oxide cathodes (G-4, 0-12)  
and two coated-particle cathodes (C-2, C-17) tested under dc and pulsed- 
voltage conditions. 
The four diodes under dc operating conditions show deviations 
f rom space charge a t  low current  levels. 
- 2-11 - 
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The same tubes, -der puised conditions (3% dc. 0-  5 ms. pulse), 
show a stra'-,ht tine with a slope equal to 1 ,  23-1. 30. 
An examination of the osciiloscape t race of the square wave 
form of the pulse does not show any deterioration of the  peak pulse line- 
It should be noted that the four diodes show the same behavior 
under pulsed ami dc tes: condibons, with  a deviation in the theoretical siope 
~f 1. 5 to i .  23. 
time. 
The reasons for this deviation are not known at  the present 
Also, &e point p €  cathode emissioc deviatic3 f rxn space 
charge with increased pulse length is not known at this tim-e. 
- 2-15 = 
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3.0 CONST’HUCTIOM AN3 EXHAUIr PROCESSIXG OF TEST DIODES 
Six further exhaust processing tests, using oxide and coated-particle 
cathodes, were conducted during the third inter im period of this cathode 
study. 
The purpose of the tests was to study the effect of exhaust-processing 
changes and cathode alloys on the thermionic-emission levels of oxide and 
coated-particle cathodes. Also, ten diodes using oxide cathodes with a 
spacing increase to. 0. 025 ia. were  pracessed foi compliance with t h e  T1 
and T2 specifications for oxide cathodeq. 
3. 1 Coated-Particle Cathodes 
Diodes w e r e  constructed accori ing to Figure 1 of the Second 
Inter im Report. 
m-ethod (Second Inter im Report) to the schedule in Table 4 .  
The exhaust scheGule was clanged f rom the previous 
TABLE 4 
Exhaust Processing - Coated-Particle Cathodes 
1. 
2. 
3. 
4. 
5. 
6 .  - 
1 .  
8. 
9. 
I O .  
11. 
12. 
13. 
~ 
Seal in diodes on exhaust system, using an  oil-diffusion p u n p  
with Liquid-ritrogen cold trap. 
Pump diodes to 5 x 10 
Bake out diodes at 450% for 90 minutes. 
Cool to room tempera:ure. 
Measure vacuum pressure  (C 5 x 10 
Heat cathodes rapidly to 105OOC (one minute). 
Hold cathodIs 2: 105OOC for five minutes. 
Decrease cathode temperature to 95OOC and ’Icld for 10 minutes. 
Kzat anode to 800OC far oae minute during Step 8. 
Measure vaccwn pressure  (< 5 x 10 
Seal off diodes. 
Flash getter. 
Attach bakeiite bhses to diades. 
-5 T o r r  pressure.  
-6 Torr).  
-6 Torr).  
- 3-1  - 
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The total exhaust heating time f o T  t h i s  schedule is twenty minutes 
i n  comparison to the previocs schedule of 81  to 125 minutes of cathode 
heating. 
Four lots of diodes w e r e  exhausted to tes t  the effects of this 
exhaust schedule with changes in cathoae alloys as shown in Table 5 .  
TABLE 5 
Exhaust Processing Schedule 
Load No. 
13 
14 
15  
16 
No. cf Diodes 
5 
6 
6 
5 
Cathode 
Coated -par  tic le 
with Zr - h'i 
Oxide cathode 
with 220 al'.oy 
Coated-particle 
with 220 alloy 
Coated -partrcle 
with 220 alloy 
Pr oc e4 s inp: 
Table KV 
Table iV 
Table IV 
Second 
hterim Report 
In the case of exhaust load no. 13, the  diodes showed faster  
activation for the coated-particle cathode with the faster exhanst schedule. 
The diodes were aged at Eb = 
The maximum space-charge level for  the diodes was reached after 24 hours, 
The levels a r e  the same as reported in Table 2 of this report. 
also showed increasing plate currents,  with a bluish ion glow a t  voltages 
over 100 volts dc. The diodes were aged to 287 hours without noticeable 
charges in  plate cctreail f rom the 24-hour readings. 
50 V with the cathode temperature at 850OC. 
The diodes 
Exhaust load n3. 14, using oxide cathodes with 220 alloy nickel 
and the fas ter  processing schedule, did not shuw any improvement in emission 
levels, a s  reported in Table 3 . The diodes activa* d faster than was pre-  
viously noted fclr oxide cathodes using the slower exhaust schedule. 
diodes activated in 24 hours in comparison to the previous t imes of 98 to 146 
hours. 
The 
- 3-2 - 
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Load no. 15, using :Dated-particle cathodes with 220 alloy 
nickel and the faster  exhaust schedule, shDwed peeling of the cathode 
coating aiter the exhaust processing. 
cathode surface roughness. 
surface honing with aluminum oxide. 
The cause was attributed to lack of 
The 220 ai:- cathodes w e r e  prepared without 
Exhaust load no. 16, using honed 220 alloy cathode coated- 
particie c o a i r g  and the slower exhaust s chedde  (Second Inter im Report) 
showed the same resul ts  as previously reported with load co. 13. 
In summarizing the res'ilts f rom the f3ur tests (Exhaust loads 
13-16!. it  can be said that the change in cathode alloy and exhaust processing 
with the coated-particle o r  oxide cathodes resul ts  in faster activation of the 
CiDde. 
tests. 
greenish glow with oxide catbcdes was noted in both cases. 
An improvement in  thermionic emission levels was not noted in these 
The characterist ic bluish glow with coated-particle cathodes and 
3.2 Oxide-Coated Cathodes 
Ten diodes using oxide cathodes with 0.1% Zr-Ni  were con- 
structed with a cLange in anode-to-cathode spacing from 0.915 in. to 0.025 in. 
The diodes (exhaust loads 17 and 18) were exhazlsted in compliance 
with the s!ow schedule as reported in the Second Interim Report. 
The initial tes t  resul ts  from aging are shown in Table 6 after 
100 hours of burning. 
The cathodes were aged zt 8 O O O C  cathode temperature with 
The diodes will  be dip tested and placed on iife burning during = 50 V. EP 
the next interim period in compliance with the conditions listed in Table 1 
for T I  and T2 conditions for oxide-coated cathodes. 
- 3 - 3  - 
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TABLE 6 
Oxide-Coated Cathcde - 0.025 in. Spacing 
Ernis sion Measurements 
At 80OoC Cathode Temperature 
0-32 
0-33 
0-35 
0 - 3 6  
0 - 3 7  
0 - 3 8  
0- 39 
0-40 
0-41  
0 - 4 2  
I 25v 
5.4 
8.0 
7.2 
9 . 2  
6 . 0  
7. 0 
7. 0 
6 . 0  
8 . 0  
8. 2 
50V 
11.9 
19. 9 
14. 7 
18. 1 
16.2 
18.9 
19. 5 
15. 4 
18.0 
20. 0 
7 SV 
16.0 
30. 0 
18.1 
23.0 
26.0 
34.0 
29.9 
27. 9 
26. 9 
34.9 
- 
109v 
19. 0 
36.8 
2 0 - 8  
26. 2 
34.4 
48. 0 
36.7 
39. 2 
31. 0 
40.9 
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4.0 LIFE BURNISG AND T E S l i N G  OF DIODES 
Currently, bxenty-four test  diodes a r e  on life burniag in the test 
rack constructed for  this study. 
SiKteen diodes using pore-dispenser cathodes and eight diodes using 
oxide-coated cathodes are being tested for life Lnd emission stability. 
The cathode life-test rack, designed by Raytheon personnel and 
constructed by the Cober Electroaics Company of Stamford, Connecticut, 
is designated as Cober Model No. 1369. 
positicn having its own neater-voltage and plate-voltage contto. 
ment is divided into three banks of 16 sockets each- Each bank has its own 
regulated filament supply which can deliver 24 volts at 20 amperes  ac. 
Each socket has a .Z-ohm, 50-s-att rheostat to adjust filament cur ren t  for 
individual control of cathode temperature. 
varied up to 1CO"C on each bank over the 800-11OO0C range setting on the 
particular bank. 
It has 45 test positions with each 
The equip- 
The cathode temperature can be 
A regdated  plate voltage is supplied to eacn socket, and m a y  be 
adjusted over *he range of 20-2OOV dc. Each socket h a s  i t s  own transistorized 
module for adjustment of plate voltage, which is obtained from two Teclmi- 
pcwer, solid-state, Model L-100, 0 - 6 . 0  A, regulated power supplies. 
4 . 1  P o r e  -Dispenser Cathodes 
At the end of this third interim period of study, thc diodes 
operatifig a t  the TI ,  T2 and T3 specifications had completed 2688 hours D f  
l ife burning- The diodes aperating under the T4 conditions had csmpleted 
2521 hours of life burning. 
through 1 G. 
The test  results art. shown in Table:; 7 
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Dip To( 
T A B U  7 
Life-Test R2sults  
Pore-Dispenser Cathodes 
- 
I 
P - 
10. c 
IO. a 
11. a 
1 1 .  a 
1 1 .  a -
IO. a 
19.0 
10. 5 
10.2 
10.0 - 
20. 0 
21.0 
21.4 
20.4 
!I. 2 -
!O. 0 
!I.  5 
! L O  
!l. 2 
!O. 7 -
I est, I @  95% T 
P 
iours I + 2O%V 
P 
t - 205v 
P 
(32W 
8.4 
- 
a. 2 
9.0 
8 . 9  
0.9 
ri - 9 5 0 0 ~  (46W 
12.0 
12. 7 
13. 2 
13. 0 
13. 2 
MI  
E = 3 9 V  
Ef = 9.0 V 
P 
2 1.2 A/cm 0 
757 
1464 
!I 76 
!688 
a00 
895 
920 
aai  
891 
8. 70 
8. 30 
7, 50 
a. 1 3  
a. 00 
~ 
m a  
895 
922 
aa i 
906 
(32W 
12. 5 
13.0 
13. 0 
12. 6 
12.2 
(22W 
8 . 3  
a. 4 
a. 4 
8.6 
0.4 
139V) 
IS. 1 
15.8 
16. 2 
15. 8 
16. 1 
M4 0 
757 
,464 
!I 76 
!688 - 
0 
757 
464 
!176 
:bat3 
a. 81 
8 .60  
7. 00 
8.44 
8 - 2 5  
E = 2 6 V  
Ef = 9.0 V 
P 
~ - 
(59W 
27. 3 
26.4 
26.8 
24. a 
25. 9 
- 1  - 9 5 O O C  MZ 
s = 4 9 v  
P 
91 6 
895 
91 1 
8 59 
896 
1 9 . 3  
18.0 
1 7 . 0  
17.6 
17. 5 
Ef = 9-01' 
2 
1. 4 X/cm 
zav) 
.4. 5 
.6.4 
7.0 
6. 5 
4. 2 
- 4 - 2  - 
0 
757 
464 
174 
baa 
27.0 397 6 3  
5) = 35v 
Zf = 9. ov 
15. 0 
18.0 
16. 2 
17.0 
16. 6 
27.0 891 
27. 2 921 
25.0 877 
25. 2 907 
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Test 
r 
TZ - 98SOC 
2 0. W/cm 
T2-985eC 
2 0.8A/cm 
TABLE 8 
Life -Tes t Results 
Pctre-Dispenser Cathodes 
I + 20%V 
P 
Dip To( - 
20.0 
20.0 
20.8 
20.9 
( 2 W  
16.8 
15.4 
16.4 
16.5 
20.0 
(30W 
14.6 
22.2 
22.0 
16.0 
15.9 
35.9 
35.0 
37. 5 
27. 5 
W.0 
39.0 
37. 3 
36.0 
37.0 
29. 0 
28.8 
30.8 
30.8 
(44W 
31.0 
30.0 
29.2 
28.3 
29.2 
I @  95% T' 
P 
Diode Kourc 
( 4 W  
27. 5 
25.0 
26 .4  
26.2 
24.4 
M 7  
E =34. SV P 
Ef= 9 . W  
0 
757 
1464 
2176 
2688 
899 
9 58 
946 
968 
957 
19.3 
16.4 
16.6 
16.4 
15. 6 20. a 15.8 
(50W 
28.5 
27.8 
29. 5 
29.1 
29.1 
M 3  
E =4OV 
Ef=9. OV 
P 
0 
757 
1464 
21 76 
2688 - 
0 
757 
1464 
11 76 
w a  
91 0 
930 
927 
94 1 
338 
18.8 
17. 5 
16.6 
16. 6 
17. 7 22. 5 
I - - 5. 9 
(54W 
-~ 
(76V) 
49.5 
42. 3 
41 .9  
45.8 
45.8 
M11 
E =65V 
Ef=9. OV 
P 
40.0 32.0 964 
966 
976 
9 59 
979 
28.0 
33.0 
31. a 
33.0 
30. 3 
(64W 
53.0 
49. 5 
45. 5 
42 a 
4s. 0 
MI2 
E -54V 
P 
Ef=9. ov 
0 
757 
I464 
!176 
!608 --  
913 30.0 
9s- 36.0 
960 31.9 
951 32. 5 
- 32.0 
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I t tJ%V 
P 
TABLE 9 
Life - T e s  t Results  
Pore  -Dispenser Cathodes 
t - 20%V 
P 
0 
757 
1464 
6 0 . 0  
5 2 . 9  
53.0 
(118V) 
69.0 
67. 2 
66. 7 
69. 9 
995 
969 
974 
998 
Diode Hours I 
P - 
30. ( 
29. I 
30. 
30. ( 
30. C 
- 
30. C 
27. C 
2 i .  S 
28. 5 
30. 0 - 
60. il 
54.0 
r @  95% T 
P 
Dip To( 
(36W 
22. 5 
22. 2 
22.4 
22.8 
23.9 
(545’) 
38. 5 
38.0 
37.8 
36. 5 
30. E 
29. 2 
28.4 
26. 2 
26. 2 
26. 4 
M13 
E =4jV 
Ef =I 1. OV 
F 
0 
757 
1464 
2176 
2088 
965 
935 
965 
965 
961 
T 3 - 1035OC 
1. 6A/cm 
(59W 
38. 0 
31. 2 
33. 7 
35. 5 
37.8 
(39V) 
21.5 
20.7 
2 0 . 9  
2 2 . 0  
23. 0 
(72V) 
45. 0 
40.8 
42. 9 
46. 2 
47.8 
(78V) 
4 4 . 5  
39.3 
30.9 
40.7 
41. 2 
hi 18 
E =48. 5V 
Ef=l  1. OV 
P 
949 
963 
377 
985 
1003 
29. 2 
26. 4 
27. 0 
24.8 
25. 5 
0 
757 
1464 
2176 
2688 
0 
157  
~ 
(1 08V) 
78. 5 
68.0 
MI7 
E =90V 
E f = l  1. OV 
P 
993 55. 5 
53. 6 
52. 0 
54. 8 
51. 6 
:3-1035OC 
z - 2,4/cm 997 
70.0 1008 
74.0 98 5 
77.4 1020 
I 
M14 
E = 98V 
E f = l  1. OV 
P 
56. 0 
57. 4 
56. 0 
53. 2 
70. 2 1 977 - - 55. 2 - 
- 4 - 4  - 
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? @ 95%T 
&P 
40.0 
39. 2 
42. 6 
45. 0 
46.4 
- 
40. 0 
40. 8 
42.0 
42. 5 
37. 2 -
. (132V) 
Life-Test  Resdts  
Pore -Dispenser Cathodes 
Diode rest Hour 8 Dip T' I t 20%7 
P 
~~ 
:4-lIoooc 
!.8A/cm 2 
'4-11OO0C 
2 .6A/cm 
(43W 
23. 0 
22.8 
26. 0 
27. 4 
28.8 
( 8 W  
52. 0 
43.9 
54. 0 
57.4 
59. 5 
st2 I 
E =67V 
Ef=l 1. OV 
P 
0 
576 
1297 
20.3 
2521 
- 
0 
5 70 
1297 
2009 
2521 
957 
995 
1024 
1021 
1055 
37. 6 
34. 0 
x4. 9 
32. 5 
34. 6 
~ 
(49W 
24. 0 
25. 9 
27. 3 
28.0 
23. 9 
d23 
=P=73v 
Cf=1 1. ov 
38.0 997 
1045 
1072 
1366 
1079 
1049 
1039 
1053 
1066 
1075 
1039 
1033 
1065 
1051 
1072 - 
31.0 
27. 5 
29.8 
31. 0 - 
G 
5 76 
1297 
ZOO9 
!521 - 
0 
576 
,297 
!009 
!52l - 
419 80. 0 
80. 2 
80. 0 
79. 2 
84. 5 -
77.0 
75. 0 
65. 0 
65. 0 
61.0 
61. 3 
62. 4 
62.8 
67. G 
(84V) 
59.0 
66. 5 
68. 3 
71. 3 
71. 9 
9 4 . 0  
100.0 
98.0 
98. 5 
104.0 
(1 28V)  
100.0 
110.0 
110.0 
110.13 
110.0 
cP=llov 
l f= l  1. ov 
61. 0 
,122 
:P= ObV 
: p 1 .  ov 
80. 0 
85. 0 
87. 0 
87. 1 
86. 5 
73. 0 
73. 0 
59. 0 
66. 0 
61. 0 - 
- 4-5  
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The diodes a r e  operating on two differer.t banks of the test  
rack a t  Ef = 9. 0 V and Ef = 11. 0 V ,  respectively. The plate-voltage power 
supplies were se t  a t  110 volts dc and each diode was adjusted to a constant 
anode voltage to draw the specified cathode current  noted under the test  
specifications. 
At the stated time intervals noted in Tables 7 thiJugh 10, the 
diodes a r e  checked for cathode temperature and anode current  a t  the  
predetermined constant plate voltages. 
f 2070 of the prescribed p1a.-e voltage. 
Then, tne plate cur ren t  is read a t  
The diodes a r e  then tested f o r  dip temperature a t  the same 
intervals of burning. 
determined from the curve tracings obtained by the dip-test method. 
Cathode ca r r en t  a t  95% of the operating temperature is 
After the electrical  testing, the diodes a r e  replaced on the 
life -burning rack, recalibrated, and allowed to run until the next L.st 
interval. 
I t  should be noted in  Tables 7 through 10 that the cathode 
The cathode cui-rent density per current  is being reported in milliamperes. 
square centimeter is 20 times the reported current  (cathode a rea  = 0.050 
c m  x 20 = 1 . 0  c m  ). 2 2 
An analysis of the tes t  data shows the pore-dispenser cathode to 
be operating satisfactoriiy ap to 2521 hours of iife and a t  cur ren t  densities 
ranging from 0. 2 A/crn2 to 1 .6  A/cm 
from 95OOC to llOO°C. 
2 with the cathode temperatures ranging 
The diodes under T1 conditions have not shown any slump in 
cathode current  through 2b88 hours of l i f t ;  burning. Three diodes have 
shown a n  average increase of 13°C in dip temperature, while one diode 
has shown a decrease of 18O6 in dip temperature. 
- 4-6  - 
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The diodes operating a t  T 2  conditicns have shown a drop 2f 7% 
The 2 in cathode current  i,i the case of two diodes operating a t  0.-8 A/cm 
average increase in dip temperature i s  3h°C. 
temperature is -21OC and t22OC. 
' h e  range of average dip  
In the case of the diodes operating under T3 conditions, one 
diode operating a t  1. 2 A/cm2 has shown a plate current  decrease of 8 .  3%. 
The change in dip temperature is sporadic. Two tubes show an average 
decrease of 4OoC in dip temperature, while the other two tubes show ap 
average decrease of 1g3C in dip temperature. 
The diodes operating under T4 conditions have o:ily E!iown an 
emission slump in 02e case (7. 570). 
S 5 O C  in the case of two diodes ana 29OC in the case oi t h e  other two diodes. 
The dip temperatures have increased 
In summary, the sixteen diodes using pore-d;spenser cathodes 
a r e  operating satisfactsri ly up to this point in life burning. 
4. 2 Cxide-Coated CathDdes 
At chis point in life burning, the diodes us!'.ng oxide-coa'ed 
cathodes have completed a t  least  1246 hours of liCe burning under the T3 
conditions a t  825OC, and 1264 hours under the 4 conditiqns a t  85OOC.  
The life-tcst results a r e  shown in Tables 11 and 1 2 .  
An analysis of the results shows the plate-current levels to be 
dropping from 5% to 2570 a t  this point in life. 
The dip temperatures have shown increases alixost to the 
Dnerating ternperstures Liter 700 to  1264 hours of operatior_. 
The diodes wi l l  be continue1 on life burning and wi l l  be re?orted 
once a. month in the Monthly Life Tes t  Report. 
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0 
91 
734 
L 246 
- 
TABLE 11 
12.0 
Life-Test Results  
Oxic'e-Coated Cathodes 
18. 2 
Diode 
Q-7 
E =34V 
P 
sf=& O V
' i  246 
3-14 
E =67V 
P 
Ef=8. OV I 
' 3  -6 2scc 
- 225A/cm E =31V 
Ef=8. OV 
0-15 
E =28V 
P 
Ef=8. OV 
91 
734 
1246 
0 
91 
734 
. 
- 
I 
? - 
36. a 
34. a 
31.0 
31.0 
36.0 
34.9 
31.0 
30. 5 
- 
18.0 
18.0 
14.3 
13.8 
- 
18.0 
18.0 
!i - 
I - 20kV 
(2N) 
26. -. 
27. 0 
27.4 
25.0 
P 
( 5 4 V  
26.0 
27.2 
24.2 
24.0 
(2470 
14.0 
13. 2 
11.2 
I 
i 
13. 4 
11.0 
1 + 20kI 
(4 1 V) 
45. 5 
45.0 
36.2 
36. 2 
P 
(SOV j 
44.5 
42. 5 
39.1) 
39.0 
(37W 
22- 2 
22.0 
16.9 
l5.8 
(34V) 
23. 5 
22.4 
16.3 
- 
Dip T' 
7? * 
77 1 
74 5 
825 
768 
793 
798 
816 
779 
70 7 
018 
025 
769 
775 
796 
825 
- 
I @  95% T 
P 
33. 5 
31. 5 
33. 3 
2,. 0 
~ 
31. 7 
3i. 3 
28.1 
24. 0 
16.4 
15.8 
14. 1 
14. G 
16.6 
16.4 
i6. 2 
14. 3 
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(46v) 
35.0 
34. 5 
31.0 
34.6 
TABLE 12 
(70W 
59.3 
55. 3 
46.8 
51. 5 
- 
Test 
) .bk /crn  2 
Diode 
0-19 
E =5? .5V 
Ef=9. O V  
I, 
0 - 2 0  
E =TO\' 
P 
Ef=8. OV 
0-21 
E =39v 
E,=% OV 
P 
A 
0-22 
E =46V 
Ef=8. OV 
P 
0 
120 
752 
I264 
0 
120 
i 5 2  
1264 
- 
0 
I20 
752 
1264 
0 
120 
752 
1264 
- 
Life-Test Results 
Oxide-Coated Cathodes 
- 
I 
P - 
40.0 
44.0 
30.2 
41.8 
- 
48- 0 
45. 9 
51.3 
46.8 
- 
24. 0 
23. 0 
19.8 
17. 2 
- 
24. 0 
24.8 
23. 3 
19. 5 
- 
(6OV) 
36.8 
36.0 
36.0 
3s. 2 
- 
(32V) 
18.2 
18.6 
15.5 
15. 2 
( fW 
19. 7 
21.4 
20.0 
20. 2 
- 4-9  - 
(80W 
60.0 
54. 2 
63.8 
63. 2 
29. 0 
27. 0 
27. 0 
25. 0 
(55V) 
28. c 
27. 5 
34.0 
33.2 
- 
Dip To 
796 
807 
841 
832 
769 
826 
839 
835 
774 
042 
036 
042 
775 
845 
847 
850 
- 
I @  95% T 
P -  
42. O 
38.6 
35.1 
33.9 
42.6 
37.9 
50.2 
33.4 
21.6 
18.0 
21.0 
i7. 3 
18.2 
13. 5 
16. 3 
17. 3 
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E;. 0 PLANS FOR THE FOSRTH INTERIM PERIOD 
The work schedule for the fourth inter im period of this study, from 
January 1 t o  March 3 1 ,  1968, wil l  include the  following items- 
a. Continue liir testing of sixteen diodes with pore-dispenser cathodes 
(T1 thru T4 conditions). 
b. Continue life testing of eight diodes with oxide-coated cathodes 
under T3 and T4 conditions. 
c .  Start life testing of eight diodes with oxide-coated cathodes 
tinder T1 a n d  TZ conditions. 
d. Continue in\-estigation of coated-particle cathodes under dc and 
p d s e d  conditions. 
- 5 - 1  - 
